Abstract: The aim of this study was to assess the relationship between environmental temperatures and occupational injuries (OIs) in construction workers (CWs) from a subalpine region of NorthEastern Italy. Data about OIs from 2000 to 2013, and daily weather for the specific site of the events were retrieved. Risk for daily OIs was calculate through a Poisson regression model. Estimated daily incidence for OIs was 5.7 (95%CI 5.5-5.8), or 2.8 OIs/10,000 workers/d (95%CI 2.7-2.9), with higher rates for time periods characterized by high temperatures (daily maximum ≥35°C), both in first 2 d (3.57, 95%CI 3.05-4.11) and from the third day onwards (i.e. during Heat Waves: 3.43, 95%CI 3.08-3.77). Higher risk for OIs was reported in days characterized temperatures ≥95th percentile (OR 1.145, 95%CI 1.062-1.235), summer days (daily maximum ≥25°C , OR 1.093, 95%CI 1.042-1.146). On the contrary, no significant increased risk was found for OIs having a more severe prognosis (≥40 d or more; death). In conclusion, presented findings recommend policymakers to develop appropriate procedures and guidelines, in particular aimed to improve the compliance of younger CWs towards severe-hot daily temperatures.
Introduction
During the last decades, climate changes have significantly affected both living and working environments [1] [2] [3] .
The Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC) has estimated that between the 1850-1900 period and the 2003-2012 period average global temperatures have increased of 0.78°C 4) , and such transition was associated with a significant surge in both magnitude and frequency of extreme events such as heatwaves (HWs), with an even higher risk for population exposed to Mediterranean-like climates 5) . High environmental temperatures and HWs events have been strongly associated with population-level increases in morbidity and mortality for cardiovascular, respiratory and other illnesses, and the climate changes will presumptively increase both the incidence and the severity of these effects [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Because of a combination of external thermal environment, heat sources in the workplace, and internal heat generation by physical activity associated with strenuous muscular work, climate changes and eventual heat exposure represent an even greater challenge to workers' health and safety, especially in persons with pre-existing illnesses 2, 7, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . The risk of heat-related health effects appears significantly increased in outdoors workers, including construction workers, for several reasons 1, 3, 18, [29] [30] [31] [32] [33] [34] [35] [36] .
First and foremost, even though the mechanization of many tasks has reduced the strenuous physical labour carried out by construction workers, many activities still requires strenuous manual work. Actually, extensive mechanization requires economic resources that are often beyond the financial capacity of many small companies (i.e. <10 employees) 30, 37, 38) . Second, due to the physical nature of construction industry, construction workers usually perform their activities outdoors, being poorly protected against meteorological factors such as extreme heat and solar radiation 30, 39) . Third, health and safety training in the construction industry are frequently inadequate, and again small companies are less likely to implement appropriate procedures and guidelines 30, 32, [37] [38] [39] [40] . Hence, many workers may continue to work beyond a safe heat exposure limit as they are unaware of the risks associated with the heat exposure, or have inappropriate knowledge of the preventive measures, as avoiding the hottest hours of the day for most strenuous physical exertion, or increasing the water intake during the HWs 41, 42) .
Available evidence suggests that heat-related health effects include a significantly increased risk of occupational injuries 1, 29, 30, 43, 44) . As high temperatures can affect cognition, hamper concentration, reduce vigilance and increase fatigue, working during warm weather would ultimately increase the risk of mistakes, accidents and injuries 18, 35, 36, [44] [45] [46] , especially in subjects who otherwise would spend little time outdoor, such as part-time or seasonal workers 29) . Moreover, higher temperatures may force the workers to reduce the use of personal protective equipment, ultimately increasing the risk for incidents associated with the exposure to dusts and chemicals 1, 3, 18, [29] [30] [31] [32] [33] [34] [35] [36] 43) . As climate change effects gradually progress, the importance of understanding the impact of hot climate on injuries in the construction industry, and preventing them through appropriate preparedness and emergency response plans in the workplace becomes a growing challenge for occupational health and safety 1, 3, 18, 24, 29, 32, 35, 36, 44, [47] [48] [49] . The aim of this study was therefore to assess to what extent Construction workers have been impacted by hot weather in a highly developed settings, i.e. the NorthEastern Italian region of Trentino (Autonomous Province of Trento).
Methods

Settings
Autonomous Province of Trento is located in the Italy's North East, covers a total area of 6,214 km 2 (2,399 sq mi)
and has a population of 537,416 habitants (2015 census). According to available data and labor force statistics from the Statistical Institute of the Autonomous Province of Trento (ISPAT) in the last decade workforce encompassed around 250,000 adult age subjects per year, and construction industry employed around 9.2% of total (i.e. around 20,000 adult age subjects/year, 14.8% of total male workforce) 50) .
Meteorological data
Meteorological data, including daily average (Tday), minimum (Tmin), maximum (Tmax) temperatures, air relative humidity, atmospheric pressure, wind speed and solar irradiation for the study period were obtained from the Meteotrentino Service (http://www.meteotrentino.it/dati-meteo/info-dati.aspx?ID=3) of the APT. Meteotrentino Archive includes data from a total of 214 meteorological stations scattered over the provincial area, allowing to direct link geographical site of injury with air temperature at the time of the accident. As data about air relative humidity, wind speed and solar irradiation were not available for all meteorological stations, data from the nearest station at the time of the index injury were ultimately retrieved. Exposure groups were defined as follows. As otherwise suggested 49) , calendar days were initially categorized by Tmin 52, 53) . In order to more easily compare our estimated with previous studies on HWs, an HW event was defined by 3 or more consecutive days having Tmax Industrial Health 2020, 58, 182-192 ≥35°C 30, 35, 36, 43) . Eventually, in order to assess the effect of average daily temperature, Tday were arbitrarily categorized into the following <5th, 5-24th, 25-74th, 75-94th and ≥95th percentiles.
Occupational injuries
Data on occupational injuries for all of Autonomous Province of Trento from 2000 to 2013 were retrieved from the archive of the Operative Unit for Health and Safety in the Workplaces (UOPSAL, Italian acronym), the institutional service representing the local governmental structure for the management and prevention of occupational injuries, occupational diseases, and work-related diseases in the workplaces. Available data were anonymized in order to include only age at the time of the event, sex, and country of birth, and incorporated reference to the geographical site (municipality-level detail) and calendar date of the events, the nature of injury, bodily location, mechanism, and agency of injury/disease. As activities of construction industry are clustered during the warm season, but diffusely performed across the calendar year, we retrieved all available injuries, and excluded all cases that occurred: (a) on to way to/from the workplace (in Italian, "in itinere"); (b) clearly occurred indoors; (c) during weekend and holidays; (d) in days characterized by rain or snow (arbitrary cut-off: 5 mm). Similarly, (e) injuries without information on the place of event, and (f) those in the validation phase, were excluded from the analyses.
Ethics
The study included only a retrospective assessment of data available through an Institutional Database, and the analysis was performed as a part of official duties. Personal data were restricted to information about the occupational injury, and were treated in order to guarantee the respect of privacy of the involved workers, as specifically stated by Italian Law n. 675 of 1996 about personal data protection. Therefore, the study did not require preliminary evaluation by the local Ethical Committee.
Statistical analysis
Continuous variables were tested for normal distribution (D'Agostino and Pearson omnibus normality test): where the corresponding p value was <0.10, normality distribution was assumed as rejected and variables were compared through Mann-Whitney or Kruskal-Wallis test for multiple independent samples. On the other hand, variables passing the normality check (D'Agostino and Pearson p≥0.10) were compared using the Student's t-test or ANOVA, where appropriate. Daily rates of occupational injuries were calculated for the study period, by year, by season, by calendar month, and eventually for the exposure groups as previously described. We assumed that the recorded events (i.e., occupational injuries) were mutually independent, and although influenced by demographic factors and by the extent of the activities performed in that time period, eventually related to air temperatures. In order to adjust crude rates for factors having a presumptive effect on the outcome variable injury rate, Odds Ratios (ORs) with their respective 95% Confidence Intervals (95%CI) were calculated for all cases, for cases having a prognosis ≥40 d and with any long-term sequela, as well as by age groups (i.e.<20 yr, 20-29 yr, 30-39 yr, 40-49 yr, ≥50 yr) and by settings of the injury, through 3 Poisson regression models that included the aforementioned exposure categories as the effector variables, and meteorological data (i.e. air relative humidity, atmospheric pressure, wind speed and solar irradiation) as covariates. In the analyses, we assumed as reference categories: (1) "neutral days" compared to "frost days", "summer days", and "summer days/tropical nights"; (2) days having T max <35°C compared to days characterized by Tmax ≥35°C , either as an isolate exposure, or following 3 or more consecutive days with Tmax ≥35°C (i.e. HW events); (3) 25-74th Tday percentile vs. all other percentiles. All the analyses were controlled for the number of Construction workers actually active in the construction industry at the time of the reported injury. The models did not include factors such as heat sources in the workplace, noise exposure, type of employment, etc., as not universally available from the reports. All the analyses were performed in SPSS 25 (IBM Corp. Armonk, NY, USA).
Results
Meteorological data for time period 01/01/2000−31/12/ 2013 are presented in Table 1 . Briefly, average Tday was 12.7°C (range −6.2°C to 29.9°C, median 13.1°C), and average values for Tmin and Tmax were 6.5°C (−10.5°C to 21.0°C) and 20.5°C (0.1°C to 41.2°C), respectively. A total of 246 d (10.9%) fulfilled the working definition of "Frost day", whereas 1,161 (51.4%) were classified as "Summer days" and 15 (0.7%) as "Summer days/Tropical nights". Of them, 161 d were characterized by Tmax >35°C (5.3%), with 112 occurring as the third or later during a HW event.
As shown in Table 2 , a total of 20,724 occupational injuries were initially retrieved: after exclusion criteria were applied, a total of 14,072 episodes were analysed: the majority of them occurred in construction workers that were <40 yr-old at the time of the injury (61%; mean age 36.7 ± 11.4 yr), and in subjects of Italian origin (77.3%). The final sample included 13,931 males (99.0%; mean age: 36.7 ± 11.4 yr), and 141 females (1.0%; mean age: 36.6 ± 10.9 yr), of similar age (p>0.05). In 2,396 cases (17.0%), the occupational injury had a prognosis ≥40 d, with long-term sequelae in 12.9% of all cases. The majority of occupational injuries included in the analyses occurred as falls (21.1%), with a third of them (6.6% of total sample) from height >2 m, followed by injuries involving the use of tools and/or machineries (17.6%), inattention (i.e. distraction and/or carelessness) during usual tasks (17.4%), and tasks requiring manual handling (6.1%).
Estimated incidence of occupational injuries during the study period was 5.7 events by day (95%CI 5.5-5.8), with an estimated cumulative incidence of 2.8 episodes/10,000 workers/d (95%CI 2.7-2.9). As shown in Table 3 In regression analysis, a significantly higher risk for occupational injuries was associated to the Summer days (OR 1.093, 95%CI 1.042-1.146) and to days having a Tmax ≥35°C, both for exposures shorter than 3 consecutive days (OR 1.276, 95%CI 1.147-1.418) or equals to/longer than 3 consecutive days (OR 1.230, 95%CI 1.144-1.322). More specifically, higher risks for occupational injuries in subjects <20 yr-old at the time of the event were reported in days fulfilling Summer day and Summer day/Tropical night definition (OR 1.302, 95%CI 1.040-1.630, and OR 3.493, 1.417-8.612, respectively). Similarly, days having a Tmax ≥35°C were characterized by an increased risk for injuries in all subjects <50 yr-old, while no significant differences were reported in older age groups (OR 0.935 95%CI 0.684-1.278 for exposure lags <3 consecutive days, and 1.156, 95%CI 0.958-1.396 for exposure lags ≥3 consecutive days).
Focusing on low temperatures, Frost days were associated with a significantly reduced risk (OR 0.892, 95%CI 0.831-0.957), in particular for subjects 20- (Table 5) . However, when focusing on the severity of the injuries (i.e. prognosis ≥40 d, evidence of long-term sequelae), no significant difference was found. Regarding the mechanism of the injuries, an increased risk was reported for inattention during usual tasks performed in Frost days (OR 1.178, 95%CI 1.020-1.359), and for the use of tools/machineries in Summer days (OR 1.158, 95%CI 1.037-1.293), whereas a significantly reduced risk was identified for injuries associated with the handling of tools/machineries during Frost days (OR 0.756, 95%CI 0.638-0.896). Interestingly enough, exposures to Tmax ≥35°C for 3 consecutive days or more during HW were associated with increased risks of falls (OR 1.276, 95%CI 1.093-1.489), and falls from height (OR 1.339, 95%CI 1.021-1.756), and such effect was not reported for shorter exposures. Table 6 shows the risk for injuries broken down by daily exposure groups, for the whole study period. A more complex patter was identified. More specifically, the risk was significantly higher for exposures >95th percentile (OR 1.145, 95%CI 1.062-1.235), particularly among workers aged <20 yr (OR 1.902, 95% 1.393−2.599) and 40 to 49 yr (OR 1.177, 95%CI 1.016−1.365). On the contrary, a somehow protective effect towards injuries was found for Tday 10th to 24th percentile (OR 0.851, 95%CI 0.782−0.927), particularly in age groups 20 to 49 yr, while a seemly increased risk was identified for Construction workers aged 50 yr or more (OR 1.232, 95%CI 1.017−1.494). Similarly, a reduced risk for occupational injuries was All data are presented as Odds Ratios with their respective 95% Confidence Intervals. Frost days: days having minimum daily temperature <0°C. Summer days: days having maximum daily temperature >25°C. Summer days, tropical nights: days having maximum daily temperature >25°C, and minimum daily temperature >20°C.
Industrial 
Conclusions
Our results reaffirm that weather conditions and the incidence of occupational accidents in the construction industry are associated in a "J-shaped" curve relationship, in which lower risk is found for colder days, while higher rates are reported in hottest calendar days and during HW events, in particular at its beginning, and for injuries associated with falls and falls from height.
Our report is therefore consistent with previous reports suggesting that hot weather conditions might represent a significant risk factors for work-related injuries 3, 29, 30, 35, 36, [43] [44] [45] . As previously reported, higher risk for work related accidents is reported in days characterized by severe but not extreme thermal conditions (i.e. "inverted Ushaped curve"), while either extreme hot or cold weather have lower incidence rates 29, 41, 43, 44) . Usually, such trends are explained as a behavioral adaptation: i.e. workers would avoid most strenuous activities during the hottest days and/or the hottest hours of the working day during the warm season and, similarly, coldest days of the cold season would be perceived as inappropriate to perform outdoor activities 29, 45) . In this regard, it should be recalled that in most high-income countries, hottest months of the warm season are usually associated with holidays, and vacations may further contribute to the reduced number of reported events 3, 29, 36, 44, 45) . Not coincidentally, also in our study lower incidence rates were reported for the month of August. These inconsistencies may be explained recalling some specificities of the Italian construction industry during the last decades. The construction industry has been severely hit by the economic crisis kicked off in 2008 by the problems in the US subprime housing market: also in Italy, around 20% of total workforce was lost in the time period 2008-2013, and a more severe decrease was reported for the total economic turnover (−21.1%). It is possible that resilient companies may have increasingly endured available orders, extending working activities also in uncomfortable weather conditions, exposing construction workers to extreme daily temperatures 53, 54) .
However, we also possibly identified a sort of behavioral adaptation to severe climates. First at all, higher rates for occupational injuries occurred in very hot (Tmax ≥35°C) calendar days unrelated with or at the beginning of a HW period. It is reasonable that workers may initially overlook uncomfortable weather condition as a rather common event, particularly during the hot season, while the persistent exposure to high environmental temperature would elicit a more cautious conduct 43) . Similarly, it is reasonable that our results may have been affected by All data are presented as Odds Ratios with their respective 95% Confidence Intervals.
the "harvesting" effect that has been usually associated with HW in the general population: i.e. people bearing specific individual risk factors are massively affected by environmental heat in the first days of the HW event, with subsequently higher but transient incidence rates for the assessed outcome (i.e. occupational injuries, in our study) 6, 13, 16, 17) .
Second, as the increased risk mainly involved accidents having a prognosis <40 d, i.e. minor trauma, or followed falls and falls from height, some kind of adaptation towards uncomfortable temperatures may be supposed 18, 35, 36, [43] [44] [45] [46] . In other words, being exposed workers unable to restrain from all daily tasks, they would avoid those perceived as more dangerous or less compatible with weather conditions as requiring a more strenuous physical effort, or the wearing of insulating personal protective equipment 53, 55) . Third, the majority of recorded occupational injuries occurred in subjects who were <40 yr-old at the time of the event (63.2%), while a greater risk was reported for all age groups younger of 50 yr at the time of a HW event.
As younger age groups in the Autonomous Province of Trento would represent only the 47.0% of total workforce, it is reasonable that our results may have been extensively affected by the experience of the Construction workers towards extreme climates 30, 31, 39, 49) .
Generalization of our results is impaired by several significant limitations. Firstly, it should be stressed that weather conditions such as radiant heat, air humidity, wind speed and solar irradiation, in a mountainous region such as the Autonomous Province of Trento, air humidity and solar irradiation may strikingly fluctuate over a restricted area because of the altitude 3, 29, [43] [44] [45] . In other terms, whereas an assessment at municipality level may guarantee a sufficient detail for air temperature, in the settings of our survey it might be not so accurate for other factors 41, 51-53, 55, 56) . Moreover, as available data about air humidity, wind speed and solar irradiation are more diffusely scattered over the area of APT, their inclusion in the exposure assessment may have increased its inaccuracy. Second, also the data regarding the work-related accidents are affected by some inaccuracies. Available information about occupational injuries were retrieved from an institutional database, whose content did include neither clinical data nor an accurate description of the level of physical activity performed at the time of the event, the type of clothing, and hydration status, and these factors significantly affect the risk for heat related health effects 29, 43, 44, 57) . For instance, a recent study performed on the same geographical region hinted towards a possible increased risk for occupational injuries during the Ramadan time period for migrant workers of North-African and Middle-Eastern descent 57) . Even our settings classification is rather coarse. For example, falls may occur while performing other tasks, both manual handling and the use of tools and/or machinery include very heterogeneous tasks, in particular in the construction industry, not necessarily associated with risk factors for heat, and labelling an accident as following "inattention" may only represent a sort of umbrella definition for injuries lacking a more accurate description. Moreover, all classifications we reported may have been somehow interconnected, eventually inflating the inaccuracy of our estimates 41, 57) .
Third, our data are affected by implicit incompleteness about the total number of subjects actually employed in construction industry at the time of the event. As we included in our analyses the number of workers employed by calendar year, both underestimation of actual rates of occupational injuries during hottest days and their overestimation during intermediate days are possible 41, 43) .
In conclusion, our data confirm previous reports from the construction industries that extreme weather may be associated with increased risk of occupational injuries, particularly at the beginning of HW events. Collectively, such results stress the importance and the urgent need for the active implementation of appropriate procedures and guidelines even in highly developed settings. On the one hand, policymakers should generally improve the compliance of younger workers towards severe-hot daily temperatures, promoting appropriate habits such as restraining from more dangerous and effort-demanding tasks. On the other hand, competent authorities must be aware that even first days of HWs are associated with unfavourable outcomes, therefore promoting timely countermeasures, that ranges from an early warning to the partial suspension of activities in the construction sites.
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